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@ Delivery system. 

@ A delivery system for agents, such as therapeutic agents, 
or other substances includes a biodegradable polymer and the 
agent or substance. The delivery system is coated with a barrier 
substance that decreases the quantity of the agent release from 
the system, compared to the quantity of the agent release from 
a system not coated with the substance, in the forty-eight hours 
period immediately subsequent to the parenteral Injection or 
Implantation of the system into a living person or annimal. 
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Description 



DELIVERY SYSTEM 



This invention is concerned with release of agents 
agent are onen r ~. pase results from the 

When such a system is inserted into a 
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The delivery systems produced in accordance 
with the teaching of the present invention preferably 
are injected or implanted parenteral^ into an animal 
or a human. Where the system is to be injected, it 
should be small enough in diameter to fit through the 
needle tip of the syringe. The preferred delivery 
systems for injection have an average size of 500 
microns or less (more preferably 250 microns or 
less, most preferably 100 or 200 microns); rod 
shaped systems of 1-10 mm diameter, which 
generally are long and slender, may also be used. 

The term therapeutic agent, as used herein, 
means any agent used to treat or prevent any 
disease or disorder of the body. Representative 
agents include hormones {and hormone fragments 
and analogues), e.g., testosterone, luteinizing hor- 
mone-releasing hormone (LHRH); diuretics, e.g., 
chlorothiazide; anti-inflammatories; pain killers, e.g. 
morphine; antibiotics, e.g., tetracycline; antipsy- 
chotic drugs; anticancer drugs, e.g., methotrexate, 
actinomycin D, vinblastine, and cytosine arabino- 
side; vaccines; and antlarthritic drugs, e.g. ibu- 
profen, flurbiprofen. 

Certain such agents, and others, may be adminis- 
tered to animals, such as animals grown for their 
milk, meat or skin products (e.g. wool or leather) 
other than for therapy or for diagnosing diseases in 
such animals. 

One of the roles of the barrier substance is to limit 
the initial burst of agent from the delivery system. 
The barrier substance should not affect the long 
term sustained release of the agent, and therefore 
should be a substance that dissolves or wears off 
the surface of the system within a short period of 
time after injection; preferably, the barrier substance 
should dissipate within 5 days after injection, more 
preferably within 2 days after injection. The sub- 
stance should be non-toxic, non-irritating, non-sen- 
sitizing, and hydrophobic. Preferably the substance 
Is on the GRAS list or is USP approved. 

Examples of suitable barrier substances, include 
paraffins.beeswax. and, preferably, silicone oils. 

Silicone oils are organo-siloxane polymers based 
on a structure consisting of alterating silicon and 
oxygen atoms with organic groups (R) attached to 
the silicon atoms: 



R R R 

-SiO-ii-oii- 
I I l 

•R R R 

Typical silicone oils include those in which R is a 
lower alkyl group having six or less carbons, e.g.. a 
methyl group. Silicone oils have a viscosity of 
between 1 cp and 10 6 cp. The more preferred 
silicone oils have a viscosity of between 10 2 cp and 
10 4 cp; most preferably the silicone oils have a 
viscosity of between 500 cp and 2000 cp. Represen- 
tative examples of silicone oils include Union 
Carbide dimethylpolysilicone 4*L-45 (viscosity 1000 
cp), Dow Corning medical grade silicone oil #360, 



Aldrich silicone oil (catalogue no. 17,563-3). and 
Aldrich silicone oil (catalogue no. 14,615-3). 

The delivery system can comprise up to 70Vo 
agent by weight. If a system comprises greater than 
70<Vo agent by weight, the mechanical properties of 
the system may be adversely affected. 

The uncoated delivery system can be prepared by 
standard solvent casting techniques. In general, the 
polymer is dissolved in an organic solvent and the 
therapeutic agent added. The solution or suspension 
is then poured into a suitable mould and the solvent 
evaporated to yield a polymer-agent combination. 
Alternatively, the agent can be dispersed with the 
polymer without solvent. 

The delivery system can also be prepared by 
coacervation procedures, such as those described 
by Lapka et al., U.S. Pat. No. 4.622, 244, the 
disclosure of which is hereby incorporated by 
reference. 

The uncoated delivery system of choice (generally 
in the form of a powder) is placed in a flask and 
covered with a silicone oil such as Union Carbide 
dimethylpolysilicone #L-45. The thickness of the 
coating can be adjusted by rinsing with hexane or 
other organic solvent capable of dissolving silicone 
oil. The thicker the coating, the more limited the 
initial burst of release of agent from the system. The 
powder is dried under a stream of nitrogen gas, and 
then under vacuum for 24 hours. 

Alternate methods of coating including spraying a 
thin coat of silicone oil onto the powder; and mixing 
the powder in a solvent in which the barrier 
substance has been dissolved and then evaporating 
off the solvent. 

Where the delivery system is a powder made up of 
particles having an average size 100-200 microns, 
following coating each particle should be 
0.05o/o-10<Vo (more preferably 0.1 0/0-20/0) silicone oil 
by weight. The amount of silicone oil present can be 
calculated by first conducting an elemental analysis 
of the powder to determine the amount of silicon 
present; knowing the percentage of silicon in the oil, 
the amount of oil can then be determined. 

The delivery systems containing the standard 
dosage of the selected therapeutic agent and 
coated with a barrier substance are injected, 
implanted, or otherwise inserted parenteraily into a 
patient. The barrier substance limits the initial burst 
of the agent from the polymer; over a short period of 
time, the barrier substance wears off of the surface 
of the system, allowing the system to release the 
desired dosage over a sustained period of time. 

A comparison of the initial quantity of agent 
released from the coated delivery system and an 
uncoated delivery system can be made by (1) 
injecting or implanting equal amounts (uncoated 
weight) of the systems into different animals; and (2) 
either determining the levels of agent in the animal's 
blood after 48 hours, or measuring the biological 
effect that the agent induces (e.g., for delivery 
systems that release LHRH, the level of testosterone 
in serum is measured, that level being directly 
correlated to the amount of LHRH released). It is 
understood that, although it is most preferred that 
the initial release be limited to the desired dosage of 
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1 A delivery system adapted for delivery of m 
tern is coated with a barrier substance that is 

p^teral injection or Implanon of said 
system into a living person or animal 

« a delivery system according to Claim i, 
J£ cnanJerised In that said barner sub- 

f urt 3 he A r characTeriLd in that M>j $ » 
a viscosity of between 10* centipoise ana iv 

"fAdeilvery system according to Claim 3, 
C6 f A method of administering an agent or 

TXiwI .^cording 10 CM> «. WW 
Ce 8 ,1P A° method according to Claim 7. further 

Keps coating a delivery system compris- 65 



.„„ a hlodearadable polymer and said agent or 

system to remove some but not all or sa.a 

TAmetSlocordlng to Claim 10. further 
charactered in that said barrier substance ,s a 

TTmethod according to Claims 9* J" 
further characterised In that said treating com- 
prises washing said delivery system with a 
solvent. 
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© Delivery system. 

© A delivery system for agents, such as therapeu- 
tic agents, or other substances includes a biodeg- 
radable polymer and the agent or substance. The 
delivery system is coated with a barrier substance 
that decreases the quantity of the agent release from 
the system, compared to the quantity of the agent 
release from a system not coated with the sub- 
stance, in the forty-eight hours period immediately 
subsequent to the parenteral injection or implantation 
of the system into a living person or annimal. 
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